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ABSTRACT

The new electrode for determination of hydrogen peroxide was developed based on
cross-linking between Nickel oxide/multiwall carbon nanotubes (NiIO/MWCNTSs) and fluorine-
doped tin oxide (FTO) using nafion as binder. The MWCNT was purified by classical oxidative
with acid treatment. The purified MWCNTSs was mixed with 0.2 M Nickel acetate and adjusted to
pH 8 with ammonium hydroxide solution. The suspension of MWCNT was calcined to
NiO/MWCNT at 400 °C for 2 hrs. The NiO/MWCNT and nafion was fabricated onto FTO
electrode. The physical properties were investigated by Field Emission Scanning Electron
Microscope (FE-SEM) and X-ray Diffractometer (XRD). The SEM result is indicated that NiO
nanoparticles were well uniform and distributed on the surface of MWCNTs. The cyclic
voltammetry were used to confirm the successful procedure synthesis of NIO/MWCNTSs/FTO and
the concentration of hydrogen peroxide was determined by amperometry, by mean of the
NiO/MWCNTs/nafion/FTO as working electrode. The linear correlation between current and
concentrations was achieved 1.0x10™ to 2.2x10” mol dm” (’=0.9987). The detection limit of the
electrode was found to be 45.81 UM based on signal-to-noise ratio of 3. Consequently the

NiO/MWCNT/FTO can be probably useful as working electrode for the development of hydrogen

III



peroxide sensor. The percentage recovery of hydrogen peroxide in disinfectant medical and hair

color product samples was 105.50, 110.30, 105.00 and 93.60 respectively.

Keywords: Nickel oxide, Multiwall carbon nanotube, Fluorine-doped Tin Oxide Electrode,

Nafion, Hydrogen peroxide, Cyclic voltammetry, Amperometry.
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2.4 iTa“lNﬂMgaa?uﬁuaan"lmﬁ (Fluorine - doprd tin oxide electrode) [29]
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2.6 M3UHH11UH21 (Carbonnanotubes; CNTs) [30-31]
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2.8 nanmamanil Wil (Principles of electrochemistry) [28]
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Ysulgedrdmiumsasindalelasioueseenled Fallduualiadouugezgniims
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K K. Purushothaman tazaniz [51] laAnwnudnuazm Idfuaiinas Tnssadhaves
Weuvesfiueonlad (Sn0,) MwSon'ld TasldinaiinesdInTs lade (spray pyrolysis) UH
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Wgeeduuaz ldmatiamsiBeanuuressfiond (X-ray diffraction: XRD) 1AF0131005N5 11
o = a a
anosu euﬂsmﬂmﬂnimmm's' (fourier transform IR spectrometer: FTIR) ua:mﬂuﬂﬂﬁ'm
da o 1 4 s
ANTTAUDANATOUUVUTDINTIA (scanning electron microscope: SEM) Lﬁaﬁﬂymmaﬂymz
ard a g =) a & & o Y voa a I'4
yoaWauniuenn ladaongeoiu Nindoununszen devzimsiamdulszdnivessond
(hall) tazamnuAumU Taw 7.5% vesiduaz Idannudumu snnumuudy taga

Tudiad whiy 15X10° Tevw 18.7x10” AlanFu/gninadiung uag 21.86 A5 1UTUAIATAD



"46

day < oo a A /A a ¢ A =] =] wa o
I’Jﬁ@l’)u'l‘ﬂ ﬂ'l!Jﬁ’lmJ!m$Uﬂlﬂﬁﬂﬂﬂ\l“ﬁﬂ‘mﬂﬁ’ﬂﬂﬂu‘Vlu’i]’élﬂll“lfﬂﬁlﬂﬂg’ﬂ’é)’iu %zuﬂmﬁuumﬂu

ad ) .
2190 Ias 1as4n (electrochromic) A



=
Unn3
asy o IS)
IHANHUNTINAAD

3.1 M5

3.1.1 fiafreasmsuouun Tufiagl (MWCNT; idurugudnaaneuen 110 - 170
wluwas 811 5-9 TuTaswag ¥eeuFEv Aldrich chemistry, Japan)

3.1.2 TmdonlalaTasmureama (Sodium dihydrogen phosphate monohydrate;
NaH,PO,.H,0: maTmaqa 156.01 g/mol YOIUTHN Carlo Erba Reagents, Italy)

3.1.3 lalm@ey laTasiouee Isvemnaladn lawsa (Di-Sodium hydrogen orthophosphate
dodecahydrate; Na,HPO,.12H,0: maimaqa 358.14 g/mol YDIUSHY Fisons Scientific Equipment,
England)

3.1.4 ufaIuTnsou (Nitrogen gas; N, ﬂ’N?JU?’c’!‘Yl‘?;99.999% viv U9U5H% TIG,
Thailand)

3.1.5 lalasunlosoon lud (Hydrogen peroxide; H,0, anutudu 30% (wiv)

USYT Fisher Scientific)

3.1.6 nsalalasAaa3n (Hydrochloric acid; HCI : waa laiana 36.46 g/mol AN
36.5% (v/v) UB9UTHN Carlo Erba Reagents, Italy)

3.1.7 Ta@en leason o (Sodium hydroxide; NaOH : 117a Taiana 39.997 g/mol
mmu‘%‘qﬁgw% UB4UTHN RANKEM, India)

3.1.8 Tnunadeouanas lo Elﬂmﬂﬂﬁiﬁ (Potassium hexacyanoferrate (I11); K,[Fe (CN),]:
w7 luiana 329.26 g/mol mm‘u?qw%(%% Y8413 N MERCK)

3.1.9 TnunmaFounae 156 (Potassium chloride; KC1 : 4aTuiana 74.55 g/mol
AT ENT >97% Yeeu5 N UNIVAR)

3.1.10 esazaouun oo (Nafion solution: ANUNUIUUU 0.87 glem” ANMITNTU 5%
azangluneanesediniiniiings 25 Taaaas veeuTim Fluka)

3.1.11 19N1U®a (Bthanol; C,H,0H: ATNNUIUY 0.79 g/lem’ 78 Tuiana 46.07 g/mol
mmaﬁqwﬁd%.s% UYOIVUSYN Carlo Erba Reagents, Italy)

3.1.12 14MUDA (Methanol; CH,0H: ALY 0.79 g/lem’ U278 Tuiana 32.04 g/mol

4
ANVUIANT 99.9% UBIUTHN Erba Reagents, SPA)



3.1.13 wenTuiflen' loasen lad (Ammonium hydroxide solution; NH,OH: maTmaqa
35.04 g/mol ATTUNUILUU0.88 g/em’ mmu?q‘ﬂ%d%y% UYDIUTEN Erba Reagents, SPA)

3.1.14 n3a TuaSn (Nitric acid; HNO, 172 Tuiana 63.01 g/mol AMNMULIY
1.42 g/cm3 ANUITUTY 69% YOILUTEN BDH laboratory supplies)

3.1.15 nIAdaw3n (sulfuric acid; H,SO,: ¥ luana 98.078 g/mol ANUNUILUY
1.835 g/cm3 ANUITUTY 96% YBUSEN Erba Reag.ents, SPA)

3.1.16 Whnauilsaen lesou
4 ¢ 2 Y ¢ a ¢
3.2 insesiionazginsaifililumsadet lWihmsveuiuvaniy

3.2.1 Fa1I03097 (Silver Ink): Electrodag 479SS, Acheson USA

3.2.2 M3 VOUBIA (Carbon Ink): Electrodag PF-407C, Acheson USA

323 c'l?anf){/c'ffam{ ﬂﬁ’o‘liﬁ’adﬁi (Silver/Silver chloride Ink): Electrodag 7019,
AchesonUSA

3244 ﬁywﬂuﬁm%"u %uamu (Insulator): Chaiyabon Brother (Thailand)

3.2.5 WHUWAF (PVC Substrate) 11 0.4 Nadlung

3.2.6 89%4 IAU (Silicone rubber)

3.2.7 fansuiues 140T

v
3.2.8 wsuansudmsuniudaniud IfhRuianiu

3.3 inseailenazginseifilslumanaaes

3.3.1 S iR R Uy

332 ifa"lwﬁwwgmﬁuﬁuaaﬂ"lmﬁ (Florine dope-tin oxide; FTO) IAADUUUAINTZINAT
ANuny 3 Hadwas manuduniy i Yseuna 8 o/square A1n15a0IRIH 65% voaU5 N
Solaronix, Switzerland

3.33 Lﬂ%"mmmuﬁ”ﬂETMﬁmmﬁ'ﬂﬂ?mmﬂmm"lﬂﬁw (Autolab Potentiostat); 31
PGSTAT20 ¥99U3HN Metrohm, Switzerland

334 mnmqmﬂgﬁq 3 (Muffer furnace) YIUSHN fisher scientific, UK

335 é’auﬁmﬂﬁ (Hot air oven) 3% UNB 400 ¥93UTHN Memmert, Germany

3.3.6 A3 paFeaziBon 4 S (Analytical balance); 3% BP 210 D 4891747

SCIENCTIFIC PROMOTION, Thailand
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137 mSeannulininndeuuriuindnnau 1 728 stirrer ¥9aUFN Metrohm,
Switzerland

3.3.8 NABIgaNTIAIBIANATOULUUABING A (Scanning electron microscope; SEM)

3.3.9 nSeudndsdanunsnInfiined (X-ray diffractometer; XRD)

3.3.10 'l Yasdilad (Micro pipette) Y110 10 514 100 luTnsaas ¥oIUTEN WITEG
LABORTECHNIK)

3.3.11 TuTaslilad (Micro pipette) ¥11@ 20 f4 200 luTasaas U5 THERMO FISHER
SCIENTIFIC

3.3.12 TuTastilad (Micro pipette) ¥11@ 100 £ 1000 luInsdns u5EN VIPRO

33.13 nszveninti

3.3.14 Tnnes viA 10,25, 50, 100 LAz 250 adans

3.3.15 vIaia1Su1as e 10, 25, 50, 100, 250 L8 500 Uaaans

3.3.16 NFUBNANVUIA 10,25, 50 1A 100 UaAANT

3.3.17 Mlad v11@ 1,2, 5 uaz 10 Tadaas

3.3.18 IA0ANELA

3.3.19 n3%iia (Crucible) 34 101/40 DIN ¥9U3HN HCT, Germany
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3.4 I5Mmde

3.4.1 massnva Iiihigessuiivesnlyn

v ¥

v
ﬂﬂ%)iﬁﬁ%u?ﬂﬂﬂuﬂ%d 0.5 1FUALAT 817 1.5 (FUANAT INTUIAANE1IINVO LV

Mg 0.5 sudmas dmsuiuadlumsazaie

v

i 3.2 7 Tihe 15 udwas

TTONDLE O

N k4
31U 3.3 2 lWihenn 0.5 wudmas dmiuquansazais
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3.42.1 w3suuruwea iianas 5@ (PVC Rigid sheet) Taoda ldtivunaniy
¥4 = o ] al a U 4 o;// 3 9 1 I
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uafigungiived thuruned hilanas lsduihimsaniuguaie mudiau duil
o =} g o . 3 =2 A o
3.4.2.2 iimsansuareti1 1 (Conducting track) deviiinFaos
, . 4 - " . 4 -
(Silver Ink) ¥ Teuigaivigii 60 sarniwaFoa Wiunat 2 1 Tus ieszmedniazately
a 4
nilnFaes (Silver Ink)
3.4.2.3 inmsaniuaed ) I 14au (Working electrode) 47 W10

(Auxiliary electrode) nazaneinia il (Conducting track) AIouinmIUaL (Carbon Ink)

a =

o = o . ) Jd
i lleuiigugil 60 esmraisa iiuing) 2 $ e esznivamazarwluviinasuen

U

(Carbon Ink)

o =y cg 3y a 3 2K a {'
3424 mmiaﬂiuamm"lwﬁmwm (Reference electrode) AAUUNFALIDT/

al I~

Fanosnan'lin (Silver/Silver chloride Ink) 11 Iilounaninail 60 paemwaFeoa Hiuwad

a U

o y v o a 7 a 7 '3
2 "lf'ﬂ,lN Lﬁ?)i&‘WiUG\’JVI'laﬁia'lﬂaluWﬁﬂ“ﬁﬁl')f]i/’cb"dnﬂiﬂaﬂuliﬂ (Silver/Silver chloride Ink)

a

v '
3.4.2:5 Mmansuatoninu T (nsofator) Mediiiiu i Tdeunigaingi

U
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60 pIRITATFo @ a2 ¥ e s esazaon luddisiy
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j1li 3.4 dnvaz Taoia Wvearumsueuinianiu
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218 Conducting track aev Ivhlyauuaza lwvhae

a2 91999 a1l Insulator
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Intensity (arb. units)

2 Theta (degree)
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